The essential oil of the leaves of Lindera pulcherrima (Nees.) Benth. ex Hook. f. was examined by GC, GC/MS and NMR spectroscopy. Furanosesquiterpenoids [furanodienone (46.6%) and curzerenone (17.6%)] were the major constituents of the oil, along with furanodiene (1.8%) and curzerene (1.2%). Other constituents in significant amount were spathulenol (4.5%), β-selinene (2.0%), germacrene B (1.9%), curcuphenol (1.9%) and 10-epi-γ-eudesmol (1.8%). The composition of the oil differs from that of other Lindera species with respect to the conspicuous absence of monoterpenoids and other furan derivatives reported so far.
Lindera pulcherrima (Nees.) Benth. ex Hook. f. (family Lauraceae), locally known as "Cher", is an evergreen shrub or often a tree with distinctive ovate lanceolate leaves with a long tail like tip often as long as 2.5 cm, and with three conspicuous pale parallel raised veins. It occurs in the Himalayan region (1500-2700 m) in shady forests. The bark of L. pulcherrima is used for the treatment of colds, fever and coughs [1] [2] [3] . A variety of terpenoids have been reported from Lindera species [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Sesquiterpene hydrocarbons were reported as major constituents of the leaf oil of L. queenslandica with β-elemene (21.4%), α-copaene (17.9%), α-humulene (9.0%) and β-caryophyllene (7.4%) as the most representative constituents [4] . β-Caryophyllene (15.3%-48.4%) and (E)-nerolidol (10.2%-12.5%) were reported as major constituents of the leaf oil of L. benzoin [5] . Among the Lindera species grown in Japan, the leaf oil of L. umbellata was shown to possess carvone (20.0%), linalool (18.9%) and 1,8-cineole (16.7%) as its major constituents, while the leaf oil of L. sericea was mainly dominated by 1,8-cineole (45.0%), limonene (9.9%) and α-pinene (8.8%). Bornyl acetate (27.2%), α-pinene (7.3%) and camphene (7.3%) were reported as the major components of L. sericea var. glabrata [6] . The essential oil from the leaves of L. obtusiloba contained camphor (52.7%), along with cis-β-ocimene (13.2%), α-pinene (6.0%) and camphene (4.2%) [7] . The leaf oil of L. erythrocarpa was shown to possess β-caryophyllene (19.7%), geranyl acetate (11.7%) and geraniol (10.2%) as major constituents. γ-Muurolene (20.1%) and β-caryophyllene (15.3%) were the principal constituents of leaf oil of L. glauca [8] . Various furanosesquiterpenoids (linderene, linderane, lindstrenene, lindenenol, linderenone, linderalactone, isolinderalactone, linderoxide and isolinderoxide) were reported for L. strychnifolia [8] [9] [10] [11] [12] . Biologically active alkaloids and flavones have also been isolated from various Lindera species [13] [14] [15] [16] [17] [18] . The literature search did not reveal any report on the terpenoid composition of the essential oil from L. pulcherrima.
The chemical composition of the leaf oil of L. pulcherrima was analyzed by GC, GC/MS and NMR spectroscopy. The constituents identified in the oil with their respective percentages are given in Table I Earlier, the linderene furanosesquiterpenoids reported for L. strychnifolia [8] [9] [10] [11] [12] were not noticed in the leaf oil of L. pulcherrima. Furthermore, our analysis also revealed the complete absence of monoterpenoids in the leaf oil of L. pulcherrima, as compared to earlier reports in which monoterpenoids constituted the major part of the oils of several other Lindera species [4] [5] [6] [7] [8] .
Furanodienone is known to possess insecticidal activity by inducing contact toxicity against larvae of polyphagous pest insects [19] . Furanodienone, curzerenone and their structural analogues have also been shown to have significant anti-inflammatory, antimicrobial and analgesic activities [20] [21] . The high content of furanodienone (46.6%) in leaf oil of L. pulcherrima makes it useful for commercial utilization.
To the best of our knowledge, this is the first report of the essential oil composition of L. pulcherrima. Furanodienone (1) and curzerenone (2) were isolated from the leaf oil by column chromatography and identified by comparison of their mass spectrometric, and 1 H and 13 C NMR spectroscopic characteristics with literature data [20, 22, 23] Experimental Plant materials: Fresh leaves of Lindera pulcherrima were collected from Pithoragarh (2300 m), India, in June 2006. The plant was identified at the Botanical Survey of India (BSI), Dehradun and a specimen has been deposited in the herbarium of the Phytochemistry Research Laboratory, Kumaun University, Nainital.
Isolation of the oil:
The fresh leaves of L. pulcherrima (5.0 Kg) were subjected to steam distillation using a copper electric still, fitted with spiral glass condensers. The distillate was saturated with NaCl and extracted with n-hexane and dichloromethane. The organic phase was dried over anhydrous Na 2 SO 4 and the solvent was distilled off in a rotary vacuum evaporator at 30ºC. The major compounds (1 and 2) were isolated by CC using silica gel (230-400 mesh, Merck) and n-hexane (to 20%) Et 2 O as mobile phase. Elution was monitored by TLC on pre-coated silica gel thin layer plates using anisaldehyde as spray reagent.
GC and GC-MS analysis:
The oil was analyzed by using a Nucon 5765 gas chromatograph fitted with a Rtx-5 non-polar fused silica capillary column (30 m x 0.32 mm internal diameter). The column temperature (60-210ºC) was programmed at 3ºC/min using N 2 as carrier gas at 4 Kg/cm 2 . The injection temperature was 210ºC, detector temperature 210ºC and the injection volume 0.5 μL, using 10% solution of the oil in n-hexane. GC-MS was conducted on a ThermoQuest Trace GC 2000 interfaced with a Finnigan MAT Polaris Q ion trap mass spectrometer fitted with a Rtx-5 non polar fused silica capillary column (30 m x 0.25 mm internal diameter). The column temperature (60ºC-210ºC) was programmed at 3ºC/min using helium as carrier gas at 1.0 mL/min. The injection temperature was 210ºC, the ion source temperature 200ºC, the MS transfer line temperature 275ºC, injection volume 0.1 μL, split ratio 1:40. MS were taken at 70 eV with a mass range of m/z 40-450 amu. Identification was based on retention index (RI), MS Library search (NIST & WILEY), by comparison with MS literature data [24] , and by 1 H and 13 C NMR spectroscopic data of the major isolates. The NMR spectra were taken in CDCl 3 on a Essential oil composition of Lindera pulcherrima Natural Product Communications Vol. 2 (9) 2007 939
Bruker-Avance DRX 300 MHz at 25ºC. The percentage contents of constituents were determined on the basis of FID response on GC.
